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ABSTRACT: Scatter fraction (SF) characteristic of a newlystaimcted 16-ring PET system with a FOV
of 20 cm was experimentally evaluated in 2D actjoisimode (ring difference 3) but without septa,
using a 10 cm diameter phantom. The scatter fragtieasured from the backprojected images and the
sinogram data aiming to find the discrepancy betw#®e two approaches and to test the camera
performance operating without septa. The image® weonstructed by the filtered backprojection (JFBP
technique using some different filter functions. l8Basured from the reconstructed images agreedéhwith
uncertainties and had a mean value of 28.8% at 250-850 keV energy and 12 ns coincidernoe ti
window. Scatter fraction also measured from anslgdithe PET sinogram was slightly lower, at 23.6
+0.7%. In each case, the procedure used for estightite background under the peak is only approxémat
and this may account for the slight discrepancwben the two approaches. The results so far irelibait

the system can be operated in 2D mode without septa
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1. INTRODUCTION

Scatter Fraction (SF) is one of the performancarpaters of PET-CT imaging technology. Detection of
compton scattered events is a major source of lbackg in PET especially when imaging objects
without any collimating septid].

When one or both photons undergo compton interactithin the body before hitting the detectors, the
event is known as a scattered event. In practiost stattered photons are spread out of the fleliba

and are never detected. Those annihilations fochvibine or both gamma rays are scattered, but still
detected, are referred to as scattered eventsTF.line-of-response (LOR) assigned to the event is
uncorrelated with the original annihilation eveint,, an incorrect LOR is formed because the plgton
paths are not collinear. The contribution of scatleevents is described by [Eq.1].

3
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Where Z is the axial length of the active acqusitvolume, D is the scanner diameter, and L idehgth

of the septa. Septa are rings of lead or tungsiaenml, used to separate each crystal ring whefPHT
system is operated in 2D acquisition mode [3]. As tvent is incorrectly positioned on the PET
detectors, hence the effect is to add a broad backd to the image. This causes errors in the taier
concentration by misplacing events during recorsion. Therefore, scattered coincidences degratte bo
image quality (due to loss of contrast) and quatitieé accuracy.

Scatter in PET can arise from three major sourtasiely inside the object, detector itself, andghetry
and surrounding environment [4]. This also depeodsother factors such as patient's size, density,
acceptance angle, energy discriminator settingdiptracer distribution, etc. Scattered events can b
reduced by using inter-plane septa and also appbisimple energy threshold.

81



M Monjur Ahasan Scatter Fraction of a 16-ring PET

The objective of the study was to evaluate therdgancy in the analysis of scatter fraction meakure
from the backprojected images and the sinogram ddsa, this work was an important part in order to
test the new PET camera accounting scatter fratdiget optimum image quality.

2. MATERIALS& METHODS

The PET camera with a FOV of 20 cm was designetl &ibucket rings each having 8 BGO detector
modules. The system operated in 2D acquisition mpug difference< 3) but without septa, and
detector modules were supported on a horizontéé tabno gantry was made. Septa and rod souraes lik
in the standard system were also not included. HBAT [5] software was simplified to control data
acquisition directly.

2.1 Data acquisition

All data were acquired from the PET system in 2Ddenéring difference< 3) but without septa. The
lower and upper energy discriminator levels weteas®50 and 850 keV, respectively. The width & th
coincidence time window was set at 12 ns. The imagere reconstructed by the filtered backprojection
(FBP) technique using some different filter funoto

Standards were developed [6] for the measuremeBEadh clinical PET scanners. In the measurement, a
water filled cylindrical phantom (21.5 cm long abd cm diameter) was used. A 68-Ge line source (14.1
cm long and 3 mm diameter) with an activity of &804 MBq was positioned approximately at the
central axis of the phantom as in Figure 1. Comead events were acquired for 300 sec.

Fig.1: Experimental setup within the camera FOWtfe measurement of scatter fraction (SF)
2.2 Datareconstruction and analysis

After acquiring the coincidence events, the sinogdata were then compressed by the scan-compress
technique and normalized [7, 8] by creating a ndimation file “jun20cyl2.nrm”. The images were
reconstructed by the filtered backprojection (FB#hnique with a Hamming filter of cut-off frequenc
0.4 and 256 x 256 matrixes with a pixel size edqaal.9 mm. 31 image planes were produced in each
acquisition as the scanner was a 16-ring tomogeagh operated in 2D mode. Among the 31 image
planes, only three planes 15, 16 and 17 were ceregidor study. Pixel counts and the number oflpixe
were measured directly by selecting regions ofré@sie(ROI) on the reconstructed images [Fig. 2}e€h
concentric circular regions, ROI(1), ROI(2) and R&)| were used, centred on the line source. Total
events 4, I, and k within each region were measured by multiplying twerage pixel value by the
number of pixels within the region. ROI(1) had &0 mm: the true counts were assumed to be lgntire
contained within this ROIl. ROI(2) had radius 20 mhie background contribution to ROI(1) was
estimated using the average pixel contents in timailar region ROI(2)-ROI(1), making the assumption
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that the scatter background is approximately flerdhis central region. Then the true counts Tgaren
by T = k-(I>-19)/(k-1)=[kl; - I5)/(k-1) where k is the ratio of areas of ROI(2)ROI(1). Finally the scatter
counts S were obtained by subtracting the true tsotinfrom the total counts; in ROI(3) and the
scattered fraction was finally calculated usingwe#i known formula:

SF=_—>_ . 2]

T+S

The scatter fraction was also measured directinfilte sinogram data.

Fig. 2: Filtered backprojected PET images for a 68-Ge d$imérce positioned at the central axis of the
inactive water filled phantom (10 cm diameter); theages were used for the analysis of scatter
fraction. Left image: plane 15 (direct plane), Mildinage: plane 16 (cross plane), Right image:elan
17 (direct plane)

3.RESULTS

3.1Image data analysis
SF was calculated from the file named as June2Btime4 256.img.
i) Image plane 15 (Direct plane):
I,= 7939 counts,E 9523 countszl= 9887 counts, k=3.92,
S0 T=[3.92x7939 — 9523])/2.92 = 7397

The uncertainty on T can be derived from the Poisstertainties onand | as

AT =ki_1\/(kml)2 +(a1,)? = 124

S =k-T= 9887 — 7397 = 2490

AS =4/(Al,)? +(AT)? = 159

So SF = 2490/9887 = 0.252

. S
To calculate the uncertainty on SF, note t68&t= =1- :
S+T S+T

. T
so that the error on SF is equal to the errorl—seﬂ? ,
+
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2 2
which is £ + % L giving an uncertainty 0.013
T I3 S+T

So the final result is SF = 0.25%20.013

i) Image plane 16 (Cross plane):
I,= 9844 counts,kE 11878 countsgl= 12441 counts, k=3.92,
Using the same procedure as above, T=%1438
S =3294
SF =0.265 0.013

iii) Image plane 17 (Direct plane):
I,= 7404 counts,FE 8872 countszl= 9416 counts, k=3.92,
Using the same procedure as above, T=G9020
S =2515
SF =0.26% 0.015

Scatter fraction (SF) and its uncertainty:

Plane numb SF Uncertainty on Sl SF (Mean
Plane 1¢ 25.2% 1.3%
| 0 0

Plane 1‘ 26.5% 1.3% 26.1+0.8%
Plane 1 26.7% 1.5%

3.2 Sinogram data analysis

Also, a value of SF was extracted directly from ghefile (Fig. 3) across the central sinogram ofgdi
from the same phantom. The peak was assumed t0 bad wide, and the background under the peak
was estimated using the average counts in the & ibimediately below the peak and the 5 bins
immediately above. This analysis resulted in agafuSF = 0.2380.007.
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Fig. 3: Profile across the sinogram
measured for a 68-Ge line source at
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4. DISCUSSION

Scatter fraction is a measure of the fraction ¢dilt@un-scattered and scattered) events in thei@ctju
PET data, excluding randoms, which have scattered @ detectionThis fraction is most commonly
measured as part of the count rate performance $dlidf a PET system under the assumption of low-
activity data containing negligible randoms. The procesSFofmeasurement is performed by acquiring
only prompt events, which includes un-scatterageftrscattered and randoms/delayed events.

The values of SF obtained from the backprojecteaigigs agreed within uncertainties and had a mean
value of 26.30.8%. The value of SF obtained from analysis ofdim@gram was slightly lower, at 23.6
+0.7%. In each case, the procedure used for estighatie background under the peak is only
approximate, and this may account for the slightmipancy between the two approaches.

Another study [10Jalso measured SF using a line source inside a 1diameter water fraction, and
obtained values of 18.5% (high sensitivity 2D moda)d 29.8% (3D mode). As expected, the
experimental results were intermediate betweerethiakies, since miniPET is operated in 2D acqoisiti
mode (ring difference 3) but without septa.

5. CONCLUSION

Scatter fraction measured from the filtered bacjguted images agreed within uncertainties. Theevalu

of SF obtained from analysis of the sinogram wiaghtl/ lower. In each case, the procedure used for
estimating the background under the peak is onlyragimate, and this may account for the slight

discrepancy between the two approaches. As expetitedresults were intermediate between these
values, since the PET camera was operated in 2De rbat without inter-plane septa in order to get

optimum image quality.

REFERENCES

1. R. E. Schmitz, A. M. Alessio and P. E. Kinahan, 200he physics of PET/CT scanners in “PET and
PET/CT: A clinical guide”, ® Ed, E. Lin and A. Alavi, Thieme Ch 1: 3-14

2. J. M. Ollinger and J. A. Fessler, 1997. Positrorissian tomography. IEEE Signal Processing Magazine;
14(1):43-55.

3.  G.B. Shaha, 2010. Basics of PET Imaging: Phy€temistry, and Regulations, Springel! Bd, Ch 3:41-
68

4. Y. Yang and S. R. Cherry 2006. Observations reggrdicatter fraction and NEC measurements for small
animal PET. IEEE Trans. Nucl. Sci. 53(1):127-132.

5. ECAT 951, 953 Service Manual. Siemens Medical Sysfeesting & Diagnostics, 1985.

6. NEMA Standards Publication NU2-2001: Performanceasoeement of positron emission tomographs,
National Electrical Manufactures Association, RgssVA, 2001.

7. M. M. Ahasan and D. J. Parker, 2008. Initial res@ifom a prototype large ring PET scanner. In: Bln@an,
D. W. Hukins, A. Hunter, A. M. Korsunsky editorsoeeedings of the World Congress on Engineerind200
London: Lecture Notes in Engineering and Computéei®e, 1: 676-681.

8. M. M. Ahasan and D. J. Parker, 2009. Design artchlmpperformance evaluation of a prototype largegyiPET
scanner in “Advances in Electrical Engineering &unputational Science”, S | Ao et al (Eds) Sprindsr.
161-172.

85



M Monjur Ahasan Scatter Fraction of a 16-ring PET

9.

10.

S. C. Strother, M. E. Casey and E. J. Hoffmann 188fasuring PET scanner sensitivity: relating caates
to image signal-to-noise ratios using noise eqeiviatounts. IEEE Trans. Nucl. Sci. 37:783-788.

M. Watanabe, H. Okada, K. Shimizu, T. Ohmura, EsNMkawa, T. Kosugi, S. Mori and T. Yamashita 1996.
A high resolution animal PET scanner using comf@8tPMT detectors. Nucl. Sci. Symp (Conference
Record IEEE). 2:1330-1334.

86



